— 
& 
= 


PRELIMINARY INVESTIGATION 
OF 

TRACE CONTAMINANTS 

IN 

PULP AND PAPER 

MILL EFFLUENTS 


July, 1986 


The Honourable 


a Jim Bradley 
. Ministry Minister 
Of the : Rod McLeod 
Environment Deputy Minister 


Ontario 


PRELIMINARY INVESTIGATION OF 
TRACE CONTAMINANTS IN PULP AND 


PAPER MILL EFFLUENTS 


Prepared by: — 
Christina Cherwinsky 
Great Lakes Section 
Water Resources Branch 
Ontario Ministry of the Environment 


and 


Don Murray 
Industrial Abatement Section 
Northwestern Region 
Ontario Ministry of the Environment 


July, 1986 


Copyright 1986, Queen's Printer for Ontario 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Toronto 


https://archive.org/details/31/76111728227 7 


TABLE OF CONTENTS 


PAGE 
EOREWGRD”.. oe es Se eee Pe N RORR NS, SREP e AL cae ne ORR (i) 
ACKNOWEEDGEMENTS* Set ene meh wet ord area: 2 obe7eh bo. 2h, (a9 
TABLE OF CONTENTS: 32. eeee eerie, Soe te er eo Na 2, CR, (41%) 
ETSTBORe TABLES@AND IE IGURES ee epeege at trees eee secs ary So cuunces cle. aier cereeeres (iv) 
SUMMARY...) 2ADL934 bn ee ee eee leks Petes 5 ORL TTA ee (v) 
INTRODUCTION 222 5 ees ees eee, mks. cues en 1 
DESCRIPTION: OF MERUS* to et ee Ree nt Dee eae a Oey Lass Z 
METHODS? cate stetencteyiat cnt ope rays fart cepa Mey ee et ares” ccm Maren cys sBedcr sarin aes 2 
1] ) Sample’ CoMect 1onew 2 eee ee ce eee et ae wk cites a, 2 
care Sample«Analysis’ 4.0% ws 2 et. ee eee ae eee ae ees 2 
RESULTS 0755 xe See Le RET Ie 2 eras ae Ol teat tieent... 3 
1. Physical, Chemical and Biological Characterization ... 3 
22 Bacterial 7UEnStties. tore. i. ac cee ccls ent ee Beet «ots 4 
34. Inorganica lrace Contaminantsvee mee. .2 ime ean ems. 5 
dee Fatty: Aromatic dnd=ResimAcidses..4.neen en on ates 6 
S48 Speciatederhenolacs andech loropnenols. 1... eee 7 
629 Volatile: Organoha | idese orcs: peme r ste ee etn es 9 
7. Polychlorinated Biphenyls and Organochlorine 
PESUICICOS feo a. iiic sad. so coebae Men che Ee ahs R rates aaa 10 
8. Trace Contaminants Identified in Pulp and Paper Mil] 
Bfhluentserim Ontarit 0- tence: 4. ae. tert estore’. cae PTE. Petey 2 10 
GONGLUS TGNSPANUDSOTSCUSS TON meee eater er tec ne ees Scent ee th 
RECOMMENDAT LONS Stat te. ee fetes cs Sct osm eens vv eWe recension a aes 14 
REBERENCES Soccer. cua rene et Ato Meee ier CORR es cies MeN SE no ede) 0 Pasrex es 42 
APPEND TXSAP— SAME CES COLLE Cl ON@ieee cru qresere es cuetetceery ree ere lay ees 46 
APPENDIX B -— CHARACTERIZATION OF PULP AND PAPER MILL EFFLUENTS 
ENSON FART Oi... emus carmen cucey ieee sph avers tare wre a oat. 51 
APPENDIX C - LIST OF TRACE CONTAMINANTS OF CONCERN ........... 132 
APPENGI XS Des AGBREVAA TIONS sANO MSY MBO Siewert. ete cicero ceste teaacs 134 


(iii) 


Table l 
Table 2 
Table 3 


Table 4 


Table 5 


Table 6 


Table 7 


Figure l 


Figure 2 


Figure 3 


LIST OF TABLES AND FIGURES 


DeSeriptiOn OTM Sm LOGe ) tec oer eee eeee tree 
basteofeparanetensi. dyer oc. eee 


Summary of Inorganic Trace Contaminants 
in EinaleM PIE GiUGN USmccrecrecrs ik ca en ce wretaey, 


Summary of Resin and Fatty Acids in Final 
WD OL e Pe RU C=LS Dey cere epee ig Gael eeu Gt ome mae res, Ane A 


Comparison of Trace Contaminant Compounds 
Identified in Some of the Pulp and Paper Mil] 
Effluents Examined in Ontario with Published 
Pists.ot lracesGontaminantsionm cCOncerne. .-. se. 


Compounds Detected in Some of the Pulp and 
Paper Mill Effluents Examined in Ontario which 
were Identified by Chemical Formula Only ...... 


Classification and Possible Sources of Trace 
Contaminants Found in Some of the Pulp and 
Paper Mill Effluents Examined in Ontario ...... 


Concentration of Guaiacol and Phenol in Final 
MET ETE ent Ss ore er erie oie iene hes 


Concentration of Chlorophenols in Final Mill 


Ef filuentsabeerrecereaie perteluecdoen heseeeeee 


Concentration of Chloroform in Final Mil] 


ETT VUGNUSeicsi ck corel ccm rerei a ac hi eeh Maen ania tole te ar 


Cay 


iy 


18 


19 


SH 


32 


38 


oo 


40 


“OUT BDIud IGidiqy JO UOISIAIG “Suadedg [eLOUIAODUg 203 pabueyd usaaq Sey BWENyy 
*(paysitqndun) youeug sadunosey ywazem *U01499S U0139940Ud AZILeEND “4AaLLNW °O 


pue yooqns ‘d°M ‘SSluuy “9 - ,,Ssayoeouddy yUawayeqy pue walqoud AZIO!IXOL aYyL FOl4eqUO UL SqUaN[JJz Yadeg pue dind, (1! pue 
>(paysttqndun) youeug sadunosey we zeM ayy pue suolbay UsayseayyNos pue [eujzUuad ySeMmM 
‘uuayseayqUON ‘UsaysaMy {ON ayy Aq povedeud - ,Auysnpuy sadeg pue dind oluequg ‘y4oday snyeys saded pue ding Asystuin,, (1 swWous pauleyqo UolzeWsOsUT 


Jotyuadns axeq 
(paysea|q) /Keq ystsxoecr payiwiy epeued 
9°ZZL 8o°9 ze G8l dind 3jeuy qyyeuy sBurdind / 29049 pulqyoeig  Aeg aoeuaL jo yueLO-AL Yaqui y 
(*ouy] epeued ued 
uedtuawy :A,uowuos) 
(uc) paqiwiy 
1°1g 1°6. L°ZL €6E dind yyeuy (peyoes{q) yyeuy sbulidind Jotyadns ayeq uou.euen uoyyeueW JOALYy sower 
qutudsman (poompunoub auo04ys) [eo!ueysow (did419) 
dind aqyydins f‘aqziyudtns (payoea,q-iwes 9 Jotuadns aye) "p41 sz9npoud 
Bhz €°ZL 6°18 196‘L dind qyeuy payoesiq) yeux sbuidind /*y eIMALYSIULWey  Aeg sapunyt yseuoy Saye] ye949 
suaded Bul yewuaded 913dUV (d419) 
Ayjeioods yjeuy (payoea|qun ¥ /vanty ysi [buy p31 szonpoud 
6° ELL €°S Zt €LS dind yey peyoesiq) yyeuy :buiding  /4uaaty uoobiqem uaphug ysau04 Saxe] yeauy 
i (uvLWod) 
but yewuaded LLIN 4904 Pay UOISIAIG 
qUuILUdSMON (poompunoub) Letueyoow Jotsyadns aye] pueog pue sadedg yyeuy. 
16 8°h PACU] 6G  pseoquaul, ayes (payoes|q-twas) yjseuy :buldind /Keg uobidin 4904 pay /burbexoe4q swequog 
saizpeioads (poompunoub 93u04s) 9149uV (3s109) 
poompunouy jeotueyoow (payoeayqun pue /Sspoom-9y4-J40 payiwiy epeuegd 
caer e°l Zeb 6hOSL dind 3jesy poyseaiq) yyeuy :Buidind aye7/4aAty Auley sadueu4 4404 apeosed esiog 
Bul yewusded (didv) 
(poompunoubh 9au04ys) Jotuadns ayeq uolstAig Aeg sapunyt 
6°62 O°L 8°6L bl quiudsman jeostueysouw ‘az!ydins sbuidind /Keg sapunyt Aeg sapunyt “*OUT 89ldd IGizigy 
Bul yewsadeg - (m4dv) 
(poompunoub au0ys g (edi wayoiwas) Joiyadns aye7 UOISIAIG WeILLIM 3404 
9°72 é> [k Z°OL OZE quLudsman peotueyoow :buidyind /Keqg sapunyl Aeg sapunyl **9UT 99lud IGlzIgyv 
(youeqs ‘Ae,9) sbulyzeog (d4dv) 
Bui yewuaded yxUOISIALG unyqdy 340d 
suaded pa zeoo (poompunoub au04s) Jotyadns aye] ‘suaded 
6° Lh G‘k one GlZ pue auld jeosiueyoow :buidind /Keg sapunyt Aeg sapunyl QUlL4 Bdtdd IQizIgy 


ep/ssazow I1qnd OOOL SLONGOYd GIHSYILVM/NISV 
SMO14 Ssl god NOILONGOYd a1aVI IVs S4SSI90Ud /431VM ONTAIIO3¥ NOILV9O1 TVIIW 
4N3N1444 WILOL 


SLLIW JO UOLJdIYOSeq FL AIAVL 


15 


TABLE 2: List of Parameters 


Conductivity 


p 

Chemical Oxygen Demand (COD) 
Total Suspended Solids (TSS) 
Total Dissolved Solids (TDS) 
Total Solids (TS) 

Biochemical Oxygen Demand (BODs) 
Ammonia 

Colour 

Turbidity 

Total Phosphorus (TP) 

Total Kjeldahl Nitrogen (TKN) 
Sodium (Na) 

Chloride (C1) 

Sulphate 

Dissolved Organic Carbon (DOC) 
Reactive Phenolics 

Tannins 

Bacteria 

Inorganic Trace Contaminants 
Resin, Aromatic and Fatty Acids 
Speciated Phenolics 
Chlorophenols 

Volatile Organohalides 

PCB's and Organochlorine Pesticides 
GC/MS 

Acute Lethality (LC59) 
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* NOTE: Mill effluent samples from Domtar Packaging also contained 
effluent from the Red Rock Water Pollution Control Plant 
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Figure 1 — Concentration of Guaiacol & Phenol in Final Mill Effluents 
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* NOTE: Mill effluent samples from Domtar Packaging also contained 
effluent from the Red Rock Water Pollution Control Plant 
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Figure 2 —- Concentration of Chlorophenols in Final Mill Effluents 
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SAMPLE COLLECTION 


At the start of the program both grab and composite samples were 
collected. Effluent was collected in plastic buckets for samples 
designated for metal analyses and stainless steel or glass containers 
were used for the remainder of the samples. Effluents were then 
transferred to individual sample bottles and treated with preservative as 
required. Composite samples were collected by an Isco sampler in 
plastic-lined 45 gallon drums. 


During the course of the program in order to reduce contamination, 
minimize sample variability and facilitate sampling, the collection of 
composite samples was discontinued. Only grab samples were collected, in 
designated sample bottles, by dipping the sample bottle directly into the 
effluent stream using a "glug-glug" or bacteriological sampling pole. 

The samples were collected and treated as described below. 


1. Discrete* Samples for the Toronto Lab 


i) Fill one, 1 L bottle and add 3 NaOH pellets; label "Cyanide” 
(CN). 


ii) Fill one 1L glass bottle; adjust pH to 10-11 with 5% sodium 
bicarbonate or one NaOH pellet; check pH with pH sticks, then 
add 2N zinc acetate (approximately 2 mL are needed) drop by 
drop, until a white precipitate forms; label "Sulphides". 


iii) Fill up to the label only, one 150 mL sodium thiosulphate 
treated, glass Bacti bottle; label “Sulphate Reducers"; store at 


4°C and ship to the Lab on the same day. 


iv) Fill to the top a 150 mL glass bottle (with foil-lined cap); 
label "Volatile Organohalides". 


v) Fill to the top a 1 L solvent-rinsed glass, PCB bottle (with 
foil-lined cap); label "GC/MS - Grab Sample" and ship 
refrigerated (4°C). 


*xNote: These samples are to be collected only once per day during the 
last sampling session. 


Behe 


2.° "Composite Samples for the Toronto Lab 


Use a composite "Isco" sampler or composite samples directly in 


designated sample bottles by adding specified volumes of 


effluent to each bottle, at intervals, over a period of time, 
until the whole bottle is filled. Label the bottle as a 
"composite" sample and maintain at 4°C storage throughout the 
whole sampling process. 


i) 
* ii) 
Aerie) 
*NOTE: 
iv) 
v) 
vi) 


Fill to the top two, 1L solvent-rinsed glass, PCB bottles 
(with foil-lined caps); label "GC/MS - Composite sample" 
and ship at agce 


Fill up to thes tine only emda tL solvent-rinsed glass, PCB 
bottle (with foil-lined cap); label "PCB-OC Scan". 


fal lupe Cos themiine OnilVeveda ter L solvent-rinsed, PCB bottle 
(with teflon-lined cap); add approximately 2 ml of 
phosphoric acid/l L of sample to bring pH to 2.0; label the 
bottle "Chlorophenol Scan". 


Collect two, 1 L bottles of control water (i.e. raw water 
from intake pipe at the mill) per batch of samples 
submitted for PCB-OC and chlorophenol scans. Sampling 


requirements are the same as described in Wiveands id ie 


Fill up to the label only, two, 1 L glass bottles (with 
teflon or foil caps); adjust to pH 2 with phosphoric acid 


(approximately 2 mL/1 L); label one bottle "Phenolics 
Speciated", and the other "Resin, Aromatic and Fatty Acids 


SCalwe 


Fill up to the label, a 150 mL glass bottle (with 


foil-lined cap); label "“Tannins". 
Fill one, 150 mL plain, glass Bacti bottle (with a polyseal 


or foil cap); label "Dissolved Organic Carbon” and 
"Sulphate". 


ey) ae 


vii) Fill up to the label only, one, 150 ml preservative-rinsed, 
glass, special "phenolics" bottle (with new cap); shake 


well; label “Total Phenolics" store upright at 4°c and 
ship same day. 


3. Composite Samples for the Thunder Bay Lab 


i) Fill a1 L glass bottle marked “Total Suspended Solids 
(TSS) and Total Dissolved Solids (TDS)". 


ii) Fill a 1 L glass bottle marked "Chemical Oxygen Demand 
(CON)", "Conductivity", "Colour Apparent”, "Turbidity" and 
"BOD", "Total Phosphorus (TP)", “Total Kjeldahl Nitrogen 
(TKN)", "Chloride", "Sodium (Na)" and "pH". 

iii) Fill a 150 mL glass bottle (with polyseal cap) marked 
"Total Mercury"; preserve with nitric acid and potassium 


dichromate or potassium permanganate. 
iv) Fill a 500 mL acid-washed plastic Nalgene bottle (with 


plastic cap) and preserve with 20 drops of concentrated 


“nitric acid; label "Metals + As". 


4. Discrete Samples for the Thunder Bay Lab 


i) Fill up to the line only, two, 150 mL sodium thiosulphate 
treated Bacti bottles; label one bottle “Total and Fecal 


Coliforms" and the other "Heterotrophs and Pseudomonas". 


ii) Fill a 150 mL glass bottle marked "Ammonia (NH )"5 and 


store at Ace 


as eee 


5. Discrete Samples for the Mobile Toxicity Lab, Thunder Bay 


Collect 15 to 25 gallons of effluent for fish toxicity testing in 
5 gallon pails lined with food-grade resin polyethylene bags. 


PLEASE NOTE: 


It is important that samples requiring refrigeration be shipped in 
coolers containing ice packs or ice cubes stored in plastic bags. 
Samples designated for the Toronto lab should be shipped out by 
air on the same day as collected. Request airlines to refrigerate 
samples on arrival in Toronto and to deliver them to the MOE lab 
as soon as possible. 
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Physical, Chemical and Biological Characterization 
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APPENDIX C 


Table 1: 


ol 
i) 
lee) 
” 

UTD TN Ue Te aL au a 


Preliminary List of Trace Contaminants of Concern which should be 


included for Monitoring Pulp and Paper Mill Effluents in Ontario* 


NTAMINAN 


Aluminum 
Benzene 


Bromodichloromethane 


Cadmium 


Carbon Tetrachloride 


Chloroacetaldehyde 


Chlorodehydroabietic Acids 


Chloroform 


Chlorofuranone 
Chloropropenal 
Copper 
Dehydroabietic Acid 
Dibuty] Phthalate 
Dichloroacetone 
Dichloroethane 
Dichloromethane 
Fatty Acids 
Hexachloroacetone 
Lead 

Mercury 

Neoabietic Acid 
Pentachloroacetone 
Pentachlorophenol 
Pentachloropropene 
Phenols 

PCBs 

PCDDs 

PCDFs 

Resin Acids 
2347 or ERD 
Tetrachloroacetone 
Tetrachloroethene 
Tetrachloroguaiacol 
Tetrachl oropropene 
Toluene 
Trichloroacetone 
Trichloroethane 


Trichloroethene 
Trichloroguaiacol 
Trichlorophenol 


Zinc 


NCERN 


criteria in development, high in waste metals 

moderately toxic(a), low bioaccumulation(b), 
non-persistent(c), animal and suspect 
human carcinogen 

mutagen 

extremely toxic, moderately bioaccumulative 

Slightly toxic, non-persistent, animal 
and suspect human carcinogen 

mutagen 

toxic, persistent 

Slightly toxic, non-persistent, animal 
and suspect human carcinogen 

mutagen 

mutagen 

regulated 

toxic, persistent 

human health 

mutagen 

Slightly toxic, non-persistent, animal carcinogen 

mutagen 

toxic 

mutagen 

extremely toxic 

extremely toxic, highly bioaccumulative 

mutagen 

mutagen 

extremely toxic, very persistent 

mutagen 

toxic, impair flavour 

high bioaccumulation, very persistent 

animal carcinogens 

potential animal carinogens 

TOXIC 

animal carcinogen & teratogen 

mutagen 

mutagen 

toxic, persistent 

mutagen 

moderately toxic, non-persistent, cancer promoter 

mutagen 

moderately toxic, non-persistent, 
1,1,l-isomer: mutagen; 1,1,2-isomer: carcinogen 

mutagen 

toxic, persistent 

extremely toxic, persistent, 2 ,4,6-isomer: 
possible animal carcinogen 

regulated 


prepared by Cecil Inniss, MOE (unpublished) 
toxic to aquatic biota 

bioaccumulates in aquatic biota 

persistent in the aquatic environment 
Polychlorinated biphenyls 

Polychlorinated dibenzodioxins 
Polychlorinated dibenzofurans 
Tetrachlorodibenzodioxin 


=i On 
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ABBREVIATIONS & SYMBOLS: 


A _ Approximately 

ACGIH American Conference of Governmental Industrial Hygienists 
APFP AD UCL DINE YC esmineésrapers san Orcenrunum.D) Vass ON 

APFW Abitibi Price Inc., Fort William Division 

APTB Atibiti Price Inc., Thunder Bay Division 


BAT Best Available Technology Economically Achievable 

BHC Hexachl orocyc]ohexane 

BOD Biological Oxygen Demand 

BOISE Boise Cascade Canada Ltd. 

COA Canada - Ontario Agreement Respecting Great Lakes 
Water Quality 

COD Chemical Oxygen Demand 

Ge Chlorophenols 

CPAR Committee on Pollution Abatement Research 

DCP Dichlorophenols 

DOC Dissolved Organic Carbon 


DOMTAR Domtar Packaging/Kraft Paper and Board 
Division, Red Rock Mil] 

—. coli Escherichia coli 

FTU Formazin Turbidity Units 

GC/MS Gas Chromatography/Mass Spectrometry 

GLFP Great Lakes Forest Products Ltd., (Dryden) 

GLFPTB Great Lakes Forest Products Ltd., (Thunder Bay) 

GLWQA Great Lakes Water Quality Agreement 


HZ Hazen Units 

TJC International Joint Commission 

JR James River Marathon Ltd. 

KC Kimberly-Clark of Canada Ltd. 

LC50 Lethal Concentration 50 

MOE Ontario Ministry of the Environment 


mg/L Milligrams/Litre 


mL Millilitres 
N Number of Samples 


NA Not Available 


=a 35 a= 


ABBREVIATIONS & SYMBOLS: (Cont'd) 


ND Not Detected 

NL Non Lethal 

ng/L Nanograms/Litre 

P&P Pulp and Paper 

PCB Polychlorinated biphenyls 

PCDD Polychlorinated dibenzodioxins 
PCDF Polychlorinated dibenzofurans 


PCP Pentachlorophenols 
PPB Parts Per Billion 
PPM Parts Per Million 
PPT Parts Per Trillion 


PWQO Provincial Water Quality Objective 
SCMP Semi Chemical Mechanical Pulping 


SU Standard Units 

TCDD Tetrachlorodibenzodioxin 
TCP Trichlorophenols 

TKN Total Kjeldahl Nitrogen 
TP Total Phosphorus 

TS Total Solids 

TSS Total Suspended Solids 


TTCP Tetrachlorophenols 

USDHHS United States Department of Health and Human Services 
USEPA United States Environmental Protection Agency 

yg/L Micrograms/Litre 

ps/cm Microsiemens/Centimetre 

-- Not Available 

< Less Than 

‘ Greater Than 


% Percent 
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